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ms-TPP meso-tetraphénylporphin

triphos  CH,C(CH,PPh,),

GENERAL AND REVIEWS

As a result of the now extensive structural studies on many
different types of organometallic complexes, several detailed treatments
of the bonding of ligands to metals have appeared. Thus Russian
workers have described! the electronic structure of the Re(CO)5 group,
and a bonding model for bent bis(m=cyclopentadienyl)metal complexes has
been advanced.2 The latter is based in part on structural information

of seven (ﬂ-CSHS)Zsz compounds, containing‘gg, gl or d2 metals. The

relative energies of the various possible modes of coordination of
acetylene to metals are in "encouraging agreement" with X-ray diffraction
resu1t5.3

The bonding within metal atom clusters has always excited
interest, and recent studies by Wade® have indicated correlations
between skeletal structures and numbers of skeletal bonding electrons,
with cluster bonding orbitals resulting from interactions of three
atomic- orbitals from each cluster atom. Applications include cage
boranes and hydrocarbon-metal m complexes, as well as to metal carbonyl
clusters. Systematic correlations between metal-metal interactions
and electronic structure and position in the periodic table have been
found in uzxg confacial bioctahedra, including Fez(CO)g.5

Recent reviews which have come to the author's attention
include King's survey6 of transition metal cluster complexes, and the
latest in the Russian periodical reports on structural chemistry,
covering carbonyl m complexes with metal-metal bonds,7 and recent
studies on complexes containing ruthenium, rhodium, osmium and
iridium.8 The structures of several nickel complexes are illustrated

in an article on automated X~ray diffraction as an analytical tool.9
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METAL CARBONYLS AND RELATED COMPOUNDS
Reversible crystalline phase transitions have been found in
Mn,(CO),, (at 64-65")'C and in Re,(c0),, (at 92°)'%, and ascrived to
a change in configuration from staggered to eclipsed carbonyl groups.
In the thiocarbonyl [Ir(C0),(CS)(PPh,),]PFg, the Ir-CS bond
length is shorter than Ir—-CO, indicating both better ¢ donor and
n acceptor properties for the CS ligand.12 The phosphine ligands are

at the apices of the trigonal bipyramidal cation.

COMPOUNDS CONTAINING METAL-METAL BONDS

(a) Transition metal—-Main Group metal bonds. Structures of

compounds containing Group IIB elements have been reported. In

(terpy)Cd[yn(CO)SJZ, there is considerable distortion of the octa-
hedral manganese coordination, the angles Cd=Mn-C(eq) falling in the
ranges 86.5-90.0° and 76.2-79.7°. This effect may result from efficient
packing of molecules.13 The complex HgDHn(CO)SJZ contains linear two-
coordinate mercury; the equatorial CO groups are bent towards this
atom, and are approximately eclipsed.14 Digorder among the CO and NO
groups renders them indistinguishable in Hg[?e(CO)Z(NO)(PEts)JZ; the
three‘groups have the staggered configuration.ls

In (n=CJH.) Mo(SnBrBr (1),'® there is a fifth long (3.4118)

bonding interaction between the approximately tetrahedral SnMoBr, group

and the fourth bomine atom, analogous to that found in (bipy)(CO)3C1MoSnMe012.

Both the cis and the trans isomers of Ru(GeC13)2(CO)4 contain octa-
hedrally coordinated ruthenium.18 The Ru-Ge bond lengths are the same,
and chemically different Ru=C bonds have the same length in both
iéomers, and are consistent with an unusual n bonding ability for the

GeCl3 groups.

17
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The structure of [Mezsnl-‘e(co)ﬂz (2) reveals the expected
Sn,Fe, r::i.ng,l9 and is similar to that of [EtzceFe(Co),JZ;zo although
the Sn~Fe bond length is close to the SnIv-FeII covalent radii sum,
the Sn-Fe-5n angle is 77°. Following the deter:minat:i.onz1 of the
structure of [(ue3si) (co) 3Ru(SiMe2)]2 (3), which is similar to that of
the tin analogue,zz the metal-metal interaction in complexes of the
type L Ru,Cl, (L = PR, for example) has been reevaluated. An MO
scheme is suggested, and accords with the observed presence of absence

of metal-metal bonding in these complexes, as appropriate.

(b) Complexes containing only transition metals. An open,

non-linear Fe-Rh~Fe sequence has been found in [Rh(Fe(PPh?_) (Co)?_(11-c51*ll‘l*(e)}2'_|PF6

(4), the strongly basic PPh, groups resulting in the opening of the

expected triangular cluster.23

g

&
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With bulky phosphines, carbonylated RuCl; solutions afford
diamagnetic binuclear complexes Ruzclz,(co)aL2 (5).24 For L = PBug(p-toi),
the complex contains a non-planar RuClzRu bridge, with an RuRu bond
distance (2.6322) indicating a bent metal-metal bond.

The new carbonyl hydride HZReZ(CO)8 has structure (6), in
which the hydrogen atoms are thought to lie in the plane of the four
CO groups indicated.zs The short Re-Re bond distance is consistent
with some degree of direct metal-metal interaction.

26,27 of the structure of the anion

Two independent determinations
in Ba3[C02(CN)10].13H20 have been described, and consequently
discussions concerning the nature of the cyanocobalt(II) system and
particularly of the catalytically active dimeric anion can now be
held on a firmer basis. Comparisons with the isoelectroaic an(co)lo

4+ . .
and [Coz(CNMe) 10] species were made; unexpectedly, the axial Co-CN
o

bond is 0.075A longer than the equatorial bond. Only minor discrepancies

are found in the two reports, although values for one of the cell

parameters are significantly different. Axial Co-C and equatorial C-N

A o (\’\ \
C e \ :
Q H\ 1 _Cu
Cg/ \\\ Cu——’4Q7//’ T—~p
O Co \CU
6) p \
P
(7

bond lengths also differ significantly, although the sum is the same.
The voordination geometry about the barium ion is described as an
Archimedean antiprism27 or as a trigonal dodecahedron,26 although there

are significant distortions from both limiting cases.



ORGANOMETALLIC STRUCTURES — TRANSITION METALS. 2 ) 159

Further studies of Group IB cluster complexes have been
reported. Full details of the structure determination of H6Cu6(PPﬁ3)6
(7;P = PPh3) are avai.lable,28 the six hydride ligands probably being
located along the six long Cu-Cu bonds, as shown. The related

29 The cluster

2+ . ey .
EAu6{P(nftol)3}6] cation has been describeéd briefly.
is a distorted centrosymmetric octahedron. An extension of the cluster
bonding ideas of Wade to both this, and the Au,, clusters described
previously, is made. Full details of the structure-of

30 .
Au1113[?(CGHAF)3]7 have appared. Essentially the same metal atom

)7]3+ 3,

cluster is found in this complex, in [Aull(PPh3
3+ 32
{Au , [P(cl c1-p) 51,3775

was present, and the fluorophenylphosphine complex was fully refined instead.

in the latter, thermal diffuse scattering

The author has found that reactions between Group IB acetylides
and various organo-transition metal complexes are a fruitful source of

a variety of interesting and novel complexes, including the unusual
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hetero atom cluatefa exemplified by (8).

M.I. BRUCE
In this complex,33 the

iridium and copper atoms have formal oxidation states of four and zero,

respectively.

(c) Metal clusters containing hvdrocarbon ligands.

One

product from the reaction between cycloocta~l,5~diene and HARuA(CO)12

is (9), containing a cycloocta~l-en-5-yne ligand attached to an open

Rub cluster.3a

c&clododecatrienyl ligand, are also available.3s

Full details of a similar complex, containing the

Preliminary details

of the structure of (Ph2C2)2053(C0)9 show the presence of a nearly

equilateral triangular Osg cluster.3®

(9)

an

10)

Interaction of mesitylene and PhCCo,;(C0)g4 affords (10), in

which the arene is m=bonded to one of the

three cobalt atoms.37

Following studies of a number of trinuclear n—cyclopentadienylmetal

clusters of cobalt and nickel, results of

of [(n-C H,)Co] 4(COX(S), [(m-CgHo)Ca]4S,,
+

from the latter, ([(ﬂ—CSHS)Co] 35,1 (11,

Variations in Co~Co bond distances are in

which agsumes no antibonding electrons in

the structural determinations
and the monocation derived
38
have been reported.
accord with a bonding model

the carbonyl sulphide, one

in the cationic disulphide, and two in the neutral disulphide.

(continued on p. 165)
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LABLYE

Length (R)

Complex

Mn-Cd

Mn-Hg

Mn~-Mn

Re=Re

Fe=Hg

Fe—-Ge

Fe~Sn

Fe-Fe

2.276(2)

£891(4)
Q22882

2.81

2.760, 2.799
2.610(2)
2.43(1)

2.90
2.909(3)
2.94

3.012(2)

2.896(3)

3.04

3.126(3)
2.534(2)

2.28(1)

2.438(4)
2,631(11)-2.647(8)

2.39
2.467(2)-2.506(2)
2.490(2)
2.506(1)=2.530(1)
2.53

2.535(2)

2.54
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[(n-C e, )cr(co),],

(ﬂ-CSHS)(CH:CHCOPh)FeN(CO)6
(terpy)Cd{Mn(co) ],
ng[tn(co) ],

Br Getin(CO) 5

an(CO)B(PHeth)Z
an(CO)QC(OMe)Ph
an(CO)S(AsMezPh)2

¥, (C0) (C, )

HZRez(CO)8
Rez(CO)lo

(ms~TPP) [Re(CO) 4],
ng(Fe(c0) , (N0) (PEE ],

(r=CgH,) (n=C,H ) FeGeCl,lie
[(n=CHg)Co(COY] 4 (GeCl,) yFelcO) ,

[(Me,sn)Fe(CO) ],

(Ph3diazepin)Fe2(CO)6
{[(r-c gt )Fe(co)] A}+
(DAB) Fe, (CO) ¢

[(n-CSHS)Fe o],
(Ph,pyridazine)Fe,(CO) 5 (PPh,)
Fe, (C0) ,C[2,6-(4e0) 2CgHA] (OET)

[ccome) :c(oMe) CHzC(CHPh,) Fe (CO) 4] Fe(CO) 4

161

3
Reference

2~93

2~16

1-21

2-13

2-14

1=7

2-127
1-98
2-127

2-61

2-25
1-4

2-118

2-15

1-8

1~9

2-19

2-117
2-20
1-102
1-19
1-103
2-113

2-82
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2.554 (Ph,PC=CCF3)Fe, (€O g 1-18
2.596(4) (C,,HgC=C=C=CC,  Hig) Fe,y (CO)g 2-79
2.597(3) (thpyridazine-HA) Fe, (co) 6 2=-48
2.679(6) (£,asp)Fe,(CO) g 2-132
2.684(4) C,¢H, (Fe5(COYg 1-68
2.780 Fe,Pt(C0)o(PPhy) 1-22
2.863(6) (£,asp)Fe,(CO) 2-132
Fe-Rh 2.660, 2.671(2) [Rh(Fe (PPh,) (CO) , (n=CH Me) },] * 2-23
Fe-Pt 2.526 Feth(CO)g(PPh3) (trans to CO) 1=22
2.550(5) FePt, (C0) 5[2 (OPh) 3] 3 [Fe~Pc(co)] 1-23
2.583(6) FePt,(CO)g [p(orh) 4] 4 [Fe-Pe(p(OPh) )] 1-23
2,605 Fe,Pt(C0) 5 (PPh,) (trans to PPhy) 1-22
Ru-Hg 2.60-2.65 2Ru(n=CgHc), . 3HgCl,y 1=-81
2.74 Ru(ﬂ—csﬂs)z.ﬂgﬂrz 1=-81
Ru~Si 2.391(7)~2.491(8) [Ru(siMe) (SiMe,) (CO) 4, (Ru-SiMe,) 2-21
2.507(8) [Ru(siMe ) (SiMe,) (CO) 3] 2 (Ru=SiMey) 2-21
Ru-Ge 2.481(1) trana-Ru(GeC13)2(CO)a 2-18
2.487(5) cis=Ru(GeCl) ,(€0), 2~-18
Ru-Ru 2.629(2) [Ru(PPh,XPPh ) o], 2-142
I'd t - -
2.632{2) Ru,C1,(CO) , (PBu,C H Me=p), 2-24
2.728(2)~2.749(2) (CgH, oIRu, (CO) )y 2-34
2.764(7)-2.818(7) H,Ru,(CO) ;4 1-12
2.775(5)-2.811(8) (°12“16)R“1.(c°) 10 2-35
2.783(5) HRu;3(C0) 5 (C Hg) 1-16
2,787(2) v [Ruc1(PPh,) o], 2-142
1. g} -
2,823(2) (CBBIO) Rul. (co) 11 ("hinge') 2-34
o ] -
2.850(6) (Cy o, g)Ru, (€O) (*hinge') 2-35
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2.861, 2.870(L) Ru3(C0) 10(“0)2 1-13

2.889(6) HRu, [P (0CH,) (OPR) 51, [0P(0Fh) | 2-58

2.915(7)=2.947(6) H,Ru, (CO) ;4 (B-bridged) 1-12
2.958(3) [Ru(SiMe ;) (SiMe,) (co)5l, 2-21
2.964(6) uRu3(co)9(c6rxg) (-bridged) 1-16

0s-0s 2.715, 2.881, 2.960 Hoa3(co)7(PPh2) (PPh2C6H4C6H3) 1-15
2.739, 2.892, 2.918 HOs;(C0),(PPhy) (PPh,) (CcH,) 1~-15
2.747, 2.874, 2.944 084(C0)g(C,Ph,) 1-17
2.757-2.857 05,(C0) g(C,Fh3) 5 2-36
2,762, 2.866, 3.001 H033(C0)8(PPh3)(PPhZC6HA) 1~15
2.796, 2.797, 2.985 083(C0)7(PPh2)2(66H4) 1-14
2.863, 2.896, 3.047 093(60)7(PPh2)2(C6i14) 1-14
3,095, 3.107, 3.146 08,(C0)g(PPhy) (PPhC H,) (Ph) 1-14
Co-Hg 2.504(9) (z=CgH,)Co(C0) 5+ 3HeCly 2-95
2.578(4) (n-CgHg)Co(C0) , . Hell, 2-94
Co~C 1.87(2)=-1.90(1) PhCCo3(CO)6(CGH3He3) 2-37
1.895(7)-1.907(7) MeCCo4(CO) , (£, fars) 1-11
1.96(1) (av.) [cCo,(c0) ], 1-10
Co-Ge 2.341(9) [(n-CSHS)Co(co)] ,(GeCl,),Fe(CO), 1-9
Co—Co 2.439(5) [(r-CSBS)Co(CO)]2(Ge012)2Fe(CO) 4 1-9
2.440(1) MeCCo3(CO) 7(f4farl) (ligand-bridged) 1-11
2.441(2)-2.477(3) PhCCo3(CO)6(C6H3He3) 2=-37
2.450(9) Co,(C0) 5 (£, fars), 2-133
2.452(2) [(w-CSHS)Co] 43(C0) () 2-38
2.457(1)(av.) [CCo3(co)9]2 1-10
2.459(6) Co,(C0) A(HCZCF3) 3 2-70
2.470(2)~2.479(2) HeCCoa(CO)7(fl.farn) 1-11
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’ -
2.474(2) {[{r~C H,)Co] 4(5),} 2-38
2.531(1) (CHg)Co, (CO) 2-62
2.559(3) (CgHg) ,Co, (CO) 2-63
+
2.649(1) { [(H-CSHS)Co] 3(8),} 2-38
2.687(3) [« n-C5H,)Co] 4(S), 2.38
2.794(2) Ba,[Co,(an) ] .134,0 2-27
2.798(2) Ba,[co,(cN), ] .13H,0 2-26
Rh=Rh 2.630(2) [rh(co) (prhy ], © o 1-121
2.741(2) [Rn(er ), (PPRy) ] (C,Ph) 2-71
Ir-Ir 2.554(1) fir¢co) (PPhy) (PPhY),], 2-130
Ir-Cu 2.775(4)=2.959(4) Ir,Cu, (PPh,),(C,Ph), 2-33
Pd-Pd 2.686(7) Pd,T(C,H ) (PPh,), 1-61
Pt-Pt  2.633(1) Fepcz(c0)5[9(oph)3] 3 1-23
2.944(2) Pt (0Ac) (N0, 2-146
Cu-Cu 2.377, 2.389(3) [HEZNCHZCGH3HeCu] 4 1-33
2.48 [Cu(HeZNC oH 4)] 4 (CuBx) 5 (aryl-bridged) 1-34
2.,494(6)~2.595(5) HGCu6(PPh3)6 2-28
2.632(6)-2.674(**  HCu (PPh )¢ (H-bridged) 2-28
2.64 [cute, N )] (CuBr), 1-34
2.663(6)-2.829(6) Ir,Cu, (PPh,) ,(C,Ph)g 2-33
2.70 [cue,nc 1 )], (CuBr), (Br-bridged) 1-34
AumAu  2.600(2)-2.718(3)  Auy, [P(cn P ] 1, (central Au) 2-30
2.836(4)=3,187(3) Aup, [PCc B F) ] 1, (peripheral Au) 2-30
2.934(2)-3.093(2)  {aug[P(p~tol) ] o} 2-29

. .
Reference aumbers relate to Parta 1l and 2, as denoted by prefix.
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{d) Metal-metal bond lengths. reported during 1972. Previous

surveys contained tabulations of metal-metal bond lengths determined
throughout the year surveyed. The Table below lists wvalues reported

during 1972 and culled frem both Parts of thig survey.

COMPLEXES CONTAINING METAL-CARBON ¢ BONDS

(a) Alkyls, aryls and related compounds. The anion in
fLicrur) ] [Lu(z,s-nezcﬁu,.)] (12) consists of the four aryl groups in an
approximately tetrahedral array about lut'etium.39 The comple is of
interest as the first structurally characterised g-bonded f-transition
metal.

The tris(diethylether)mono(tetrahydrofuran) adduct of
NaZCrPh5 (13) contains five-coordinate chromium(III), in a distorted

trigonal bipyramidal configuration.4° The sodium ion environment

Me
Me
!
e
Me L
Y Me
Me
Me—,
Me
“12) (13)
Me .”'5,’
Y;

H o) o) H QO u
Sy \l/ ~n NZ_ISN
Me W———Me N

NG / \ e
/ O O AN
Me
Me
(14) 15)
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‘consists of two phenyl groups, and two oxygen atoms, and Na-C bond
distanées (2.6-2.83) are interpreted on the basis of a trinuclear
complex containing Cr-C(Ph)-Na three—centre bonds. The full details
of the structure of [9:(2-M20C6H4)2(bipy)211 have appe‘ar:ecl.l‘1

Nitric oxide reacts with WMe affording the eight-coordinate
complex {1%;, containing the li-methyl-ll~nitroschydroxylaminato

1H N.M.R. spectrum shows that the molecule

1igand.42 In solution, the
exhibits non-rigid behaviour.

In complex (15), the axial positions are occupied by vinyl
and pyridine ligands, while the salen ligand coordinates using the
four equatorial positions of octahedral cobal:.43 Statistical disorder
in the vinyl group and ethylene bridge (in salen) results in an
umbrella-shape conformation.

The nickel alkyl NiHe(acac)(PCya) (16) containg a Ni=C bond
of length 1.94(1)2.44 Reactions between keten and Pd(OZ)(PPh3)2 have
given C~bonded chelate derivatives of acetic acid (17) and acetic

anhydride (18), characterised by structural s:udies.AS The former was

studied as the pyridine-PPh3 complex.

Th
Ho O
o) Phe—e <
7\ pé ~.7 @]
Pd o) Pd
/ \\c{/_- // \?:"<;
Ph—F_ H Ph—P~, H, ©
Ph 2 \~Pn'2
Ph Ph
A7) . a8)

The structure of Au(CGFS)(PPh3) is the expected linear two-
coordinate compl.ex.46 and complements the earlier study of AuCI(Cst)z(PPhs).47
The Au-C bond lengths in the two compounds are 2.07(2) and 2.12-2.18(10)2,

respectively.
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The reaction between maleic anhydride and a pyridazine=iron
carbonyl complex affords complex (19), by a new tvpe of cycloaddition
reaction.as' This results in the formation of Fe-C o bonds (to the
maleic anhydride fragment). A change in coordination of the pyridazine
from a six-electron to a four-electron donor, consistent with some
delocalisation within the nitrogen heterocycle, is also found. A
similar reaction was found between [}e(co)3(SCF3)]2 and hexafluorcbut-
2-yne, giving (20).49 In this complex, however, a change in donor
properties of the sulphur atoms is not possible, and it is the metal-
metal bond in the precursor which is involved in the cycloaddition

reaction. In the Fe,S, cluster, the orientation of the CF, groups is

axial,axial.
O
ANIZRN F5C CF3
Fe Fe-c —
o™/ N \-° o ¢ c©
SNUHNUH C~f  ps-c®
S et
C C
Ph @ Ph O ¢ ¢r ©
o]
& O
(18) 20
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In contrast to the situation in (x-CSHS)Ru(PPh3)Ec4(CP3)4ﬁ]i50
the bu;adienyl ligand in_EggggrPd(PPh3)2[C4(C02Me)4ﬁ]Br (21) is only
vo—bonded to the palladium.51 However, the hydrogen atom occupies a
‘£ifth coordination position, with Pd-H (est.) 2.32. suggesting some form
of bonding interaction. The 1H n.m,r. data show that this hydrogen
resonates at very low field (t1.40).

Full details of the structure of [Ir(C,Ph,)C1(CO)(PMe,),]BF,
have been tepotted.52 This complex contains an IrC, metallocycle,

being formed by insertion of the metal into the cyclopropenium cation.

(b) Complexes containing internally metallated ligands.

(i) Nitrogen-donor ligands. The geometry of metallated

azobenzene and related ligands has been determined. The first complex
of this type to be prepared was a cyclopentadienyl nickel derivative;

the structure of (ﬂ—CSBS)Ni(E-MeC6H3N=NC6H4Me-E) (22) has been

4
7
Ly

Me J ‘! \>:k——}kh'-‘C()
Pn

22) (23)
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reported.53 Complexes containing two ligands bonded to one metal

include Rh(OAc)(azb),, full details of which have now appeared,”® and

the mixed-valence compound (azb)2Rh012Rh(C0)é (23), derived from the
corresponding chloride.s5 In these examples the two azobenzene

ligands are bonded with the nitrogen atoms mutually trans. An intermediate
in the reaction between Cc:)(azb)(CO):5 and CZ(CFZ)Z (to give an anilino-
quinolone), is the organocobalt complex (24), in which the azoarene

is now coordinated via the nitrogen atom adjacent to the substituted

ring.56

(ii1) Phosphorus~donor ligands. TFull details of the

structure of the complex IxCl [P(Ocﬁl-l") (0Ph) 2:lz[E'(OE'h) 3] have been
published.57 In the distorted octahedral complex, the two Ir-C bonds

are c¢is, as are the Ir~P bonds to the metallated phosphite ligands.

One of the products obtained by controlled pyrolysis of Ru3(CO)9[P(OPh)3]3
is the binuclear complex (25), containing a variety of interesting
structural features, including (i) a conventionally metallated

phosphite ligand (ii) a second such ligand in which the metallated ring
also interacts with the second ruthenium atom (iii) a diphenyl-
phosphonate group bridging two metal atoms and (iv) a bridging hydride

ligand (not detected in the structural study) .58

PhO (@)
ANV ci
/P o
' ~Cl ~
Ru 1 OPh / ~—
; \ \ Pt
OC/H\}F’\,U\P/ Cl Cl/ \\Cl
ProyP=Lo | OPh c__\ _ct Ci
2 7 N
Cl/ Cl—P{—Cli
Cl
(25) 26)
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(iii) Other related compounds. One of the compounds

obtained from [Pi:c1,.]4 and PhyCCl in benzene is the triphenylcarbenium
; . 2- s s .
salt of the unusual anion [Pt,‘(CGHI.)ZCIM] (26). Bridging chlorine

atoms link two Pt,(CcH,)Clg moieties, each containing o o-phenylene

ring bridging two platinum atoms.

OLEFIN AND DIENE COMPLEXES

Unusual trigoual prismatic coordination of tungsten is
found in tris(methylvinylketone)tungsten (27); bond distances suggest
the enone-metal interaction is best represented as the o=n type shown.ﬁo
A trans-butadiene ligand bridges the two Mn(CO)‘. groups in

g
(€ H M, (CO) g (28); all C~C bond distances are equal (1.45A). TIwo

6
cobalt complexes containing dienes are (C71~18)Cc:2(co)6 (29) 2 and

OO
0

/
/’\

@] \\

O

o
C /
Oc %\J

(28)

(29) (30)
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[KCGHB)CO(CO)Z]Z (30).63 In the former, norbornadiene chelates to one
metai atom, which is linked to a Co(CO)3 group via two asymmetrically
bridging CO groups and a metal-metal bond. In the cyclohexa-1,3-diene
complex, the,Coz(C0)4 moiety has the cis-bridged conformation.

The dihydrate of the duroquinone complex (n-CSHS)Co(DQ) has
structure (31); this structure is compared with a var;ety of related
moleculas, and evidence for a stronger metal—duroquinone interaction
than in the iscelectronic (COD)Ni(DQ) is given.66 The water molecules
hydrogen-bond to the quinoid oxygen, and there is also one O-H...O0(water)
bond.

The fluxional five~coordinate iridium compound IrHe(COD)(PHezPh)2
has structure (32).65 The iridiumhas essentially trigonal-bipyramidal
ccordination, with the two phosphines and one double bond in the

equatorial positions.

Me Me
O= éi::::::;f;::()
Me “-.'! Me
Co
oA
(31D
ClL ==
,/
Pt
Cl \\:l NH
(33) (34)
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In IrCl(CO)(AsPh3)2(TCNE), the geometry is essentially the

gsame as that found in IrBr(CO) (PPhj)z(TCNE), bond length differences

being of only marginal significance.66
all-trans-Cyclodecdecatrienenickel has structure (33), with

the nickel embedded in the ring and having trigonal coordination.67

The structure of tticﬁoro(pent-d-enylammonium)platinum (34) is very

similar in both the yellow and orange crystalline forms; only the

conformation of part of the olefinic chain is different. In the solid

. ey 8
state, intermolecular N-H---Cl hydrogen bonds stabilise the structure.6

O\N/O

o/

(35)

The silver nitrate adduct of one of the isomers of a
noxbornadiene dimer, produced by the photochemicai dimerisation of
norbornadiene catalysed by nickel carbonyl, has structure (35)),

enabling firm structure assignments to be made for all four Diels-Alder dimers.®?

COMPLEXES OBTAINED FROM ACETYLENES

The structure of the 'flyover' complex c°2(co)4(CF3c2H)3 (36),
obtained from (:oz(CO)8 and trifluoropropyne, contains the CF5 groups
attached to the 1,3 and 6 positions of the six—carbon bridge.70 Bonding
of the bridging ligand occurs via a w—allyl and o-carbon—metal bond
to each cobalt. The rhodium derivative Rh,(PF,),(PPh;),(C,Ph,) (37)
is similar to Coz(CO)6(CZPh2), with the acetylene symmetrically

bridging a Rh-Rh bond.n This and related complexes are stereochemically
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. 1
nou-rigid, the 19

F n.m.t.-speccré indicating intramolecular exchange
of coordinated PF3 groups.

The intermediate adduct of hexafluorobut-2-yne and trans-
P:Clue(AsMe3)2 has been isolated, and the structure has now been
confirmed (38).72 The alkyne occupies an equatorial position (if the
platinum ie considered to be S5-coordinate), together with the
phosphines. The Pt~Cl bond length [2.47(1)2] reflects the strong
trans-influence of the methyl group. The CF3 groups are bent away
from platinum by 135(4) and 150(4)°.

A symmetrical acetylene-copper m bond is found73

in the CuCl
adduct of (ﬂ~CSH5)Fe(C0)262Ph; in this compound (39), the acetylene
substituents are bent back some 18°. Dimerisation occurs with the

formation of Cu~Cl=Cu bridges.

/P———RTET_\T N\
P \ < PE Ph
h ph \ 3
Fq; Ph
(37)
Ph

ct
CleCir” C\Fl
Me; As CE o —Cu =

\\\\ c” 3 C \ \ (f/

— O
P | [ Cu—Cl

-\ < R~/
M&AS e 5 o ¢

Ph
(38) (39)
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IRON CARBONYL DERIVATIVES OF UNSATURATED LIGANDS

The variety and scope of reactions of iron carbonyls with
unQaturaced ligands has probably resulted in the isolation of complexes
of a ﬁider range of structural types than found for any otﬁer element.
The period under review has shown no slackening in this respect, and in
this Section are collected details of these compounds.,

In the simple olefinic complex with Ltrans-1,2-dibenzoylethylene

(40),74 the ethylene occupies an equatorial positiony the ligand is

Ph coy
AN o ;/) ‘I—e
c C !
o \/ _d \ ! Z
o¢ AN \
T—~fe Ph e Me
/. (CO);Fe /
e
o “
40) (41)
< o
) ]
C/Fe-:-
o l Ph ~ '__J':e\/CO
S X %

0

4a2) 43) (44)
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no longer planar, with a CaC bond length of 1.473. A bis-Fe(CO),
complex of 3,a-dimethylstyrene (41) contains two linked planar
isoprene~Fe(CO) ; units, resulting in a trapped Kekulé structure for
the aromatic portion of the molecule, with the two metal atoms having
a trans configuration.75 Diene-Fe(CO)3 complexes studied also include
azepine-?e(co)3 (42), vhich is reported together with an extensive
account of the bonding in this and 23 related molecules.76

The gtructures of both the monoclinic and orthorhombic forms
of (N-cinnamylideneaniline)Fe(co)3 (43) have been determined,77 the
molecular structures being indistinguishable in both forms. The
hetero~butadiene fragment is not planar, with the nitrogen being
displaced towards the metal atom. The related cinnamaldehyde-Fe(Co)3
complex (44) exhibits a similar featute.78 However, in both cases,
the ligand is n~bonded, the hetero—atom lone pairs playing no part in
the bonding.

A butatriene complex contains the ligand attached to two
atoms via ¢ and 7 bonds (45); an alternative description involves
asymmetric bonding to two n=allyl fragments.79 Unit cell data for three
related complexes are included. The binuclear bullvalene derivative,
C10H10Fe2(c°)6 (46), contains one Fe(CO)3 group attached by two
n~olefinic bonds, while the other ig bonded via a ¢ bond and a m—allyl
group, having opened the C3 ring in the parent hydrocarbon.so A
similar insertion into the C; ring of dibenzosemibullvalene occurs,
but in this case a four-membered CqFe metallocycle (ferretane) (47) is
formed, as shown by a crystal structure determination.81

A further example of a metallocycle is complex (48),
obtained from the reaction between diphenyldiazomethane and a
dimethoxyferrole complex.82 As mentioned earlier [AS70; 92], in the

formation of this compound some rearrangement of the methoxy group
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(CO)
Fe>

@ty

47)

(46)

substitutution has gccurred, so that these groups are now on adjacent

carbon atoms.

ALLYLIC COMPLEXES

The intermediate in the Friedel~Crafts acetylation of
butadiene-Fe(C0) , is the allylic cation (49), studied as the hexa~
£fluorophosphate; in addition to the w~bonded Cj moiety, the oxygen
atom is also involved im bonding to the metal.83

There are no significant differences in the appropriate bond
lengthe in (n—c3ﬂs)2Ru(PPh3)2 (50) to suggest asymmetric bonding of
the aliyl groups.sb The ruthenium coordinarion is tetrahedral. An
electfou-diffrac:ion study of (n-c3HS)Co(CO)3 (51) has been reportedgsg

the angle between the plane of the 63 group and that of the three

carbonyl carbon atoms is 36°.
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Ph Ak
N
-1
Me =7
o) - - P
o. & O=C /;:'—’:'\QRU
c-_\~ s
N / c
Fe o
’// t\‘/ P
oc \V Ph7 N
Ph Fa

49) (50) (51)

Dimerisation of butadiene with NiBrHe(PPrg)z gives the
orange intermediate CSHIZ[NiBr(PErg)]Z (52), which on treatment with
bis(diphenylphosphino)ethane affords red C8H12[NiBr(dppe)]2 (53) .86
In (52), the nickel is four-coordinate square planar, while im (53),
the metal is five~coordinate square bipyramidal. The latter readily
forms the four~coordinate cation {Csﬂlz[ﬁi(dppe)]2}+, and the long
Ni~Br bond length (2.66&) suggests partial ionic character for this
bond.

In (Bu®CHCMeCH,)Pd(PhCOCHCSPh), the syn/trans structure (54)
is found; the trans influences of the thio-g-diketone bonding atoms
can be judged from the Pd=C distances of 2.18(1)2 (trans to S} and

2.05(1)A (trans to 0).27

(52)
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CYCLOBUTADIENE COMPLEXES

88,89 of the structure of the

Two independent determinations

- . 89
trans isomer of (n-CgHc)Co[n-C,Ph,(SiMe;),] (55), and ome = of the
cis isomer, have been reported. In both compounds, the ring planes
are parallel, and the metal~-ring centre distances are the same for

both rings. Internal angles in the C4 ring suggest that whereas the

ring is exactly square in the trans isomer, it becomes trapezoid in

the cis form.

trans (55) cis

CYCLOPENTADIENYL COMPLEXES

The structure of (n-CSHS)zTiCI2 has been reported,90 and is
similar to othe- compounds of this type; some differences in bond
parametely wWere noted in a comparison with the earlier electron
diffraction study. Some crystal data for the 1,1'-trimethylene-
bridged zirconium and hafnium derivatives have been given.91

The dioxan-bridged tetrahydrofuranate of Lic:c13(csﬂs) has
structure (56); the Cr-C (cyclopentadienyl) bond lengths range from
2.211(18) to 2.322(18)2..92 The interesting complex [(n-CSHeS)Cr(CO)z]2
(57) contains a short, unbridged Cr~Cr bond, intermediate in length

. 93
between those in Cr(OAc)z and Crz(C3H5)A.
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(56)

Although formal

Full details of the structure of the mercury (II) chloride
adduct of (n-CiHs)Co(CO), (58) have appeared.’® The complex is a 1:1

Lewis acid~-base adduct bonded via the metal atoms.

coordination about mercury is trigonal plamar, two long Hg---Cl

occur in the axial positions of a trigonal bipyramid. A
95

as a salt [(r~CgHg)Co(CO), (HeC1)]c1

the Co-Hg bond

contacts
3:1 adduct is best formulated

(59) containing two additional molecules of HgCls3

ig significantly shorter than that found in (58).

o
o ¢
a [/
\\\ /
/ -
ae—— Y
o el
\
% Additional Hg---Cl interactions also down
(59)

COMPLEXES CONTAINING 06 OR C8 RINGS
Combined X-ray and neutron diffraction results on
(n-c6u6)c::(co)3 at 78K have been obtained.96 Compared to benzene,
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~three of the benzene C-C bonds (those directly over the Cr-CO bonds)
~are lengthened by 0.018(2)3, the others being unaffected. Although
this distortion is small, both diffraction studies show it, and it is
outside experimental error. The authors point out that if bonding
from the metal to the ring occurs preferentially to the longer bonds,
then the chromium has trigonal-prismatic coordination.

Brief details of (CGH6)RuC12(PMePh2) (60) and the p~cymene
complex reveal distorted hexahapto arene ligands, probably as a
result of the trans bond-weaking effect of the phosphine 1igand.9
The rings are bent, with a dihedral of 5° (benzene) and 2° (p-cymene),
suggesting significant localisation of the ring = electroms. A bent
(430)7C6-ring is also found in Ru(CcMec), (61), although in this

example it bonds as a tetrahapto 1igand.98

In contrast to the C6—Ru-C4
arrangement in (61), the bonding in a bis(cyclohexadienyl)iron complex
(62) is of the C5~Fe=Cg type, the orientations of the two w-pentadienyl
systems minimising steric interactions while maximising the number of

eclipsed n bonds, i.e. a centrosymmetric conformation is not

assumed.gg Unit cell data for four (w—arene)iron(w—cyclopentadienyl)-

cations have been listed recently.loo
Me Me
\ /
l? Me ; Me
]
Ru
__ dihedral !
- axis Me H Me
ci’ el Me é Me
Me Me )

(60) (61)



ORGANOMETALLIC STRU(,'fURES — TRANSITION METALS, 2 181

)

(62) (63)

A further example of a cyclooctatetraene complex,
Zr(cgﬁs)z('mr-‘) (63), contains one C8 ring bonded via all eight carbons,

101 In the latter, the

while the second forms a tetrahapto attachment.
"butadiene" fragment is somewhat distorted. The tetrahydrofuran is
only weakly coordinated, being readily displaced, and this observation

o
is in accord with the very long Zr-0 bond [2.1;1;7(4)1\] .

NM=-BONDED HETEROCYCLIC SYSTEMS
Full details of the structures of Co(CSHSBR)2 (R = Me or

OMe) have .'4131:oea'|:ed.102

Both molecules are centrosymmetric, the rings
being nearly planar, and bond distances indicating a degree of cyeclie

conjugarion. The boron atoms are as far as possible from one another.

(64)
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A further description103 of the structure of (Et6B3N3)Cr(CO)3 shows

the glight distortion of the ring towards the chair conformation. The
nitrogen atoms and carbonyl groups are staggered. In the dihydropyridime
qomplex'(G&), the chromium is bonded to five atoms of the heterocycle,

with the methylene group bent away from the metal.lOA

COMPLEXES CONTAINING OTHER DONOR ATOM LIGANDS
(a) Boron Ligands Structural parameters have been determined for the
n=borallyl ligand in Pt(n-B3H7)(PMe2Ph)2 (65).105 The dihedral angle

between the B; plane and the PtP, plane is 116.8(24)°. The boron

ligand is asymmetrically bonded to platinum, and is orientaticmally
‘disordered; the hydrogen atoms were not located., The anion

DQi(B )2]2- (66) contains the nickel attached to two 84 faces

10%12
fusing two ll-atom polyhedra containing open pentagonal faces.lo6
Base degradation of {Co[n-(3)-1,2-B4C,H,,1.} ~, followed by
oxidation and treatment with pyridine, affords [(BBCZHII)CO(BSCZHIOpyﬂ R
isolated as the NEt, salt (67). The (Bsczﬂlopy)z- ligand contains a
BBC2 framework defining an icosahedron from which two mutually ortho
apices have been removed, coordination to cobalt being via a B,C face.1°7
The carborane ligand in (n-CSHS)Co(n-?,Q-Bloczﬂlz) (68) forms, with

the cobalt atom, a triangulated (1,5,6,1) 1l3-apex decosahedron, the
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metal being bonded to a B3CBC fac:e.l'o8 The biscarborane complex NE:A-
(Co[(-Bloczﬂlo)z]z} (69) contains four carborane icosahedra tetrahedrally
109

arranged about cobalt. This does not result in a tetrahedral
coordination of four bonding carbon atoms; the environment of the
metal atom is a distorted square pyramid, the basal plane being
defined by three carbons and one hydrogen (as part of a B-H-Co bridge)
(69a).

{b) Carbenes and isonitriles The cis and trans isomers of

PtClz[C(NPhCHz) 2] (PEt,) have been compareduo: using the Pt-Cl bond

SN
\B\H/ \C/i

(69a)Environment of the cobalt
atom in (69)
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lengths as the criterion, the trans influence of this carbene is

" greater than that of m=acids (e.g. CO, isonitriles), but less than

that of g~-vinyl., The molecular structure of c1s-ﬂnCl(CQCH 0)(00)4

(70) has been reported ; the Mn~C (carbene) bond length is 1.96(1)A.
In the dimethylimidazolinylidene-iron complex (71) an axial

carbonyl group has been substituted by the carbene ligand, the

stereochemistry being considerably distorted from ideal trigonal

C —e—co

(70) (71)

(72) R=2,6-(MeO),CeHs

bipyramidal.112 The binuclear compound (72) contains an l-‘e(CO)3

. 8 . -
group bonded to the carbene ligand in/substituted-phenyl(ethoxy)carbene=
Fe(Co)‘t complex.113 Some similarities to the structure of the Fe(CO)3

adduct of a B=acetylvinyliron complex are apparent.lla
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An unusual carbene complex is formed from molybdenum(IL)

acetate and dialkyldithiocarbamate by C=S bond cleavage.115 The

complex [Mo(SCNPr,)(S,CNPx,)] S, has structure (73). Although the
thiocarbomoyl=Mo bond is similar to the CS=-Pt bond in Pt(CSZ)(PPh3)2,
the Mo-C bond length [2.066(8)23 indicates a bond order of 1.5, and

is close to that found in the chelate carbene (ﬂ~C5H5)(CO) 2Mommc((:o?_‘r::)ccm.

N N
PQ\ PQ\ /Pr C C
N Me \ /
_ Pr ¢ C
S\\C\‘ S ;s \M __-CNMe
S s \l/-
< L N Me
Pr—~N N—Pr &
] \ N C
Pr Pr N
(73) (74)

The eight-coordinate complex Ho(CN)4(CNMe)4 has structure (74),
in which the molecule adopts the dodecahedral configuration with
cyanide groups in the A positions, and isonitrile groups in the B
116

positions.

(¢) Nitrogen—-donor ligands The results of structural studies of

diazepine complexes containing iron and rhodium carbonyl moieties
have been discussed.117 In the former, the heterocycle opens to form
a diiminato~Fe2(CO)6 complex (75), whereas with rhodium, the unchanged
ligand is attached by only one nitrogen.

From meso-tetraphenylphorphin (ms~TPP) and ReZ(Co)lo’ the
binuclear complex (Eg-TPP)ReZ(CO)6 can be prepared, and has been
shown to contain the structural unit (76).118 The two metal atoms are

attached to one porphin ligand, above and below the plane, and offset

so that each metal is bonded to three nitrogen atoms. The Re-Re
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(75) (76) Only nitrogens of porpt
ligand shown

distance t3.126(3)g.] is outside the usual range of Re-Re bonds (2.7-
3.022), and a conventional electron count does not require such a bond,
However, some type of metal-metal interaction cannot be ruled out
entirely.

One of the compounds obtained from reactions between Vaska's
complex and _p_-E'CGH!.NZ"'BE: is the cationic tetrazene-iridium complex

(77). The cation is five-coordinate, and contains a planar IrN4 ring;

119 The potential

full details of this structure are now available.
sixth position (for distorted octahedral coordination) is blocked by an

o
ortho-hydrogen of one of the PPh3 ligands (Ir---H, 2,9A).

\ o ~“‘_‘ H Q_M?\S
C N0,
e S GHF N7 Ny o
Ph—pP—7 N S L 4
/ C O RS ,C
N 22 o =0 O e\N
e WA ! 5\
4Cs H ~Ma~

(77) (78) (79)
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The st‘ruct-ures of four bis(m-cyclopentadienyl)molybdenum
derivatives of amino acids have been determined.120 The L-cysteine
complex, studied as the chloride (78) and the hexafluorophosphate (79),
contains a hydrogen-bonded dimer {via the carboxylate groups); the
amino acid chelates molybdenum via nitrogen and sulphur, and has
different conformations in the two salts. The molybdenum ig chelated
through oxygen and nitrogen in the glycine (80) and sarcosine (81)
derivatives. The tungsten tetracarbonyl complex from NAPQ(NMeZ)B
contains the ligand unusually bonded via a ring nitrogen and an
exocyclic NHez group (82).121

(d) Phosphorus and arsenic ligands The structure of MoBrz(CO)3(dppe)

(83) confirms the presence of seven~coordinate molybdenum with a slightly

(80) 81)
(o]
C Me
\MS / o v
22 C! e
OC"/W\ \P""N N/hl/‘[e
OC N/ [Me NpZ 3N
N N\ e
'LMeNle [‘\] Me
Me S
\T;,N(N\P/
e Me/\ _Me
Me \N—N—Me
/
Me
(82)
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” :
122 Comparisons of metal-phosphorus.

. diétorﬁgd cappgd‘octahedial geometry.
'Eon& lengths in analogous ﬁhosphine and phosphite complexes are rare; in
;Egggr(nFCSHAR)Ho(CO)ZEP(OHe)é]I (R =H or He)l?'3 the Mo-P distances are
Vshorter [?.406(9) and 2.388(8)3, respectivelj] than in trans-

(x=C H )Mo (CO) , (PPh ) I .481(5)R] 1% although the Mo-I distances are

essentially constant. Unit cell data for (C0)4H(PMe2)2M'(CO)4 (M = Cr,

g% (%: (g)
N\ /
. \ o @ &L OC—Ch—CO
I }hd/’ CDC‘*QV/ «fh
Ph__ — n P 0
h P«’i:} \\ 8r en // \\‘Fk\\J/r§““*\\Ph
BI- \P BP
p—Ph Y Ph
\ Ph
Ph
(83) (84)

M' = Cr, W} M = M'" = §) have been given.125 The structure of isomer
A of Br(CO)3Hn(triphos)Cr(CO)5 (84) reveals the ligand acting as
bidentate towards manganese, and moncdentate towards chromium.lz6

In Hn?_(CO)B(PMePhZ)2 {85), the phosphine ligands substitute

axial CO groups, whereas in H’nz(CO)B(AsMezPh)2 (86), the arsine

ligands are equatorial. This distinction is ascribed127 to differences
Me
O
C\ \ _Me
o) As
Me —MnT N
Pp_]T € 0 O oC= M, e
~ | € C C O
| L P o}
/e /o ph
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in Mn-E and E-C bond lengths (E = P or As), allowing statistically
favoured equatorial substitution to occcur when these bonds are longer,
i.e. when E = Ag,

The structure of _t_:;an_s-Fe(CO)atP(OCHz) 31’]2 (87) has been
reportedlza: the complex contains one ligand bonded via the P(CH2)3
group, i.e. as a phosphine, and the other via the 203 group, i.e. as

a phosphite. The two Fe-P bond distances are 2.190(4) and 2.116(4)%,

respectively.
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(88a)
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Dehydrogenation of 2,2'=bis(diphenylphosphino)bibenzyl in the
presence of rhodihm(l) or (III) complexes affords the chelate olefin
complex (88).129 Controlled pyrolysis of IrH(CO)(PPh3)2 in refluxing
decalin affords the binuclear phosphido complex (88a), containing

an Ir—-Ir bond of order two.l

°X O
Q o,
< c N /
\ \\‘542 £
o) Q Me, /// C )
ENC S Megpf O R
- n// X: i hdé/ AsM
oC yd €2
2
O
(89) (90)

The range of complexes obtained from fluorocarbon-bridged
bidentate phosphine and arsine~ligands by Cullen and coworkers
continues to expand, and has provided several more unusual complexes
during the period under review. Two products obtained from fafars and

31 In the latter, isomerisation

Mn, (CO),, have structures (89) and (90).1
of the 1igand by cleavage of an As~C bond has occurred, to give a
complex containing a bridging AsMe, group, and an Mn~C o bond. Using
the mixed P,As—donor ligand faasp, Fe3(C0)12 affords the complex

32 16 have structure (91), in which a similar

1
(ansp)Fe3(CO)9, shown
cleavage of the AsMe2 group has occurred, with formation of a four-
atom AsFe, cluster. Heating Coz(CO)s(fhfars) also causes cleavage of
an AsMe, group; dimerigation of the cylcobutenyl residues occurs, the
resulting complex having structure (92).]"33 The complex also contains

two hydride ligands (not shown).
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As mentioned in a previous report [AS71;

338], some

structures of complexes (93) have been foundlal' to contain disordered

arrangements of molecules with normal geometries and dimensioms.

each lattice site, two molecular configurations are distributed in

occupancy ratios varying from 1:1 to 6:1., These complexes contain

five-membered chelate rings which have the usual puckered conformation.

Fluorine atoms occupy axial positions. The structure of the related

complex (HezAsCF2CHCICF2AsMe2)Cr(CO)A (94) has also been studied

an example of a complex containing a six-membered chelate ring.

ring has the chair conformation, with chlorine occupying a less

sterically hindered equatorial position.

(540)4
Me h Me
Ny \E/
N 2N
hdei$’/ﬁ ?\\ Me
R2 F o F
(S3) o C Me \
1 2
M _E R R N / F e
Cr As H H OC —=cCr.
Cr As F H
c Me\AS
Cr As F Ci O \
Mo P F H M
Mo As F H
Mo As F CR

References p. 196



192 ' ) . : : MI. BRUCE

(e) Sulphur. and selenjium ligands The first complex in whichvsoz_

alone bridges two transition metals is [In-CSHS)Fe(CO)z]ZSOZ (95); the

sulphur is directly attached to the two iron atoms and has a distorted

136

tetrahedral stereochemistry. The WS, ring in ("-CSHS)ZHSA (96) has

4

two outer S-S bonds of 2.10(5)2, and a shorter central S-S bond
4[?.01(6)2].137 Structural daca for the planar Mn,Se, umit in
(kcrase)un(c0)4]2 (97) have been repo:ted138; the Mn~Se bonds have a

mean length of 2.508.

4 o
‘ﬂi!il; o G 4i§!!l
Il st
e—S ——Fg g
OC/ \ l \ "\\S\

g © 5
o) /
S
(95) (96)
CH
Q l Q
OCC S S O
e
\¥Aﬂ//// \ﬁé ’//C
n
< N e
Cc Se c ©
o]
{ e}
CH
(97)

NITROSYLS AND DINITROGEN COMPLEXES
For Mo(NO)2C12(PPh3)2 (98), the X=ray diffraction study

139 Digsorder results in half-

confirms the cis stereochemistry.
occupancy of one Cl and one NO site. The Mo-N-O groups are non—linear
(angle Mo-N-O, 161.8°), but not sufficiently 8o to be considered as

Lewis acids.
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Sevéral ruthenium nitrosyls have been examined, including

two studies of the énion [RuClS(NO)] 2" a5 the potassiumu‘o and
a'mmox'tit.m:n]'l'1 salts. In the femer case, the space group was reassigned.

In both, the Ru-Cl bond trans to NO is shorter than the cis Ru-Cl
bonds (2.358 vs 2.3723, respectively). The Ru-N-0 group is
approximately linear. The reaction between RuCla(NO) (I’Meth)2 and
PHPh, has afforded several products, among which (99) and (100) were
characterised by X-ray diffraction nu-:thcod:s.]'l'2 The first iz a
centrosymmetric binuclear complex, related to [Ir(co0) (PPh,) (Pl'h:;)]2
(p. 000). Complex (100) is tetranuclear and contains two Ru, Systems
(bridged by diphenylphosphido groups) joined by bridging chlo;ine

atoms. The Ru-N-0 angles are 174.1¢9)° in (99), and 160.3(8)° in (100).

i
zL " SOy P2 AR
Ph-— 7\ Ph \ / \ /
O/N\Mo Ct \ / \N
Ph Ph2 \O
/ Ph,P
N\
Ph
(98) (99)
Ph
o P2 o

(100)
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The structure of Ir(NO)(CO)(PPh3)2 has been determined.143

The iridium has a distorted tetrahedral coordination, with a nearly

linear Ir-N-0 group. Comparisons of structural parameters of a

number of isoelectronic four—coordinate tetrahedral complexes are made.
A product from the preparation of diacetatoplatinum(II) in

a reaction involving reduction of PfIv in HN03-H0Ac has been shownl44

to be the nitrosyl complex Pt4(DAc)6(No)z (101), containing bridging

nitrosyl and acetato groups. The shorter Pt-Pt separation probably

involves some metal-metal interaction.

< (@)
ON
CK 7) ﬁF
Pt

The complex [Os(NH3)5(N2)]C12 contains an octahedral cation

with the Os, three NHj, and the N, groups lying on a crystallographic
[
mirror plane.'®> The N-N bond length [1.12(2)A] is similar to those
found in related structures (cf. Table 4, AS71, 340), while the short
o 3 s . ) » . -

Os=-N,, bond [1.84(1)A] ie indicative of multiple bonding, with a bond
order between one and two. Mixtures of [Ru(NH;) (N,)]C1, and
[3u(NH3)SC;]Clz form solid solutions isomorphous with the osmium=-

dinitrogen complex.

FERROCENE AND BENCHROTRENE DERIVATIVES
A further contribution to the discussion about the stabilisation

of metallocene carbonium ions has been the determination of the structure
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of the a,a~diferrocenylmethylium ion (102)146. Although the exocyclic

carbon atom does not lie in the planes of either of ti'xe two cyclo-
pentadienyl rings to which it is attached, bond distances are not
indicative of any strong direct interaction with the metal atom. In
the fluxional molecule 1,2,3-trithia[3]ferrocenophane (103), the rings
are nearly eclipsed (angle of twist, 0.08°), and are canted towards each
other with an angle of 2.850.147

The levorotatory isomer of the ferrocenocyclohexenone m.p.
110°, [6],25%-580° (chci,, © 1), has structure (104).'%% The
absolute configuration of the isomer of (+)-o-methoxy(l'~hydroxyethyl)-

benchrotrene (105), m.p. 70°, has also been deterxm'.ned.]'l'9

Y

oy
|
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B B
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(102) (103)
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References p. 196

195



196 M.L BRUCE

REFERENCES

1. K. Missner and D.V. Korol'kov, Zh.strukt.Khim., 12 (1971) 1062.

2, J.C. Green, M.L.H. CGreen and C.K. Prout, J.C.S.Chem.Comm., (1972)

421.

3. E.M. Shustorovich, G.I. Kagan and G.M. Kagan, Zh.strukt,Khim.,

12 (1972) 697.

4. K. Wade, Chem.Comm., (1971) 7923 Inorg.Nuclear Chem.Letters, 8

(1972) 559, 562.

5. F.A. Cotton and D.A. Ucko, Inorg.Chim.Acta, 6 (1972) 16l.

6. R:B. King, Prog.Inorg.Chem., 15 (1972) 287,

7. B,P. Biryukov and Y.T. Struchkov, Itogi Nauki,Kristallokhim,

7 (1971) 142,
8. M.A. Porai-Koshits, T.S. Khodashova and A.S. Antayshkina, Itogi

Nauki, Krigtallokhim., 7 (1971) 5.

9. C. Kriiger, Angew.Chem., 84 (1972) 412; Int.Edit.Engl., 11 (1972)

387,

10. M. Gross and P. Lemoine, Bull.Soc.Chim.France, (1972) 4461.

11. P, Lemoine, M. Gross and J. Boissier, J.C.S.Dalton, (1972) 1626.
12. J.S. Field and P.J. Wheatley, J.C.S.Dalton, (1972) 2269.

13. W. Clegg and P.J. Wheatley, J.C.S.Chem,Comm., (1972) 760.

14, M.L. Katcher and G,L. Simon, Inorg.Chem., 11 (1972) 1651,

15, F.S. Stephens, J.C.S.Dalton, (1972) 2257,

16. T.S. Cameron and C.K. Prout, J.C.S.Dalton, (1972) 1447.

17. M. Elder, W.A.G. Graham, D. Hall and R, Kummer, J.Am.Chem.Soc.,
90 (1968) 2186.

18. R. Ball and M.J. Bennett, Inorg.Chem,, 11 (1972) 1806.

19, C.J. Gilmore and P, Woodward, J.C.S.Dalton, (1972) 1387,



ORGANOMETALLIC STRUCTURES — TRANSITION METALS. 2

20,

21.

22,

23.

254,

25.

26.

27.

28.

29.

31.

32.

33.

34.
35.
36.
37.
38.

J.C. Zimmer and M. Huber, Compt.Rend., 267C (1968) 1685.
M.M. Crozat and S.¥. Watkins, J.C.S.Dalton, (1972) 2512,

S.F. Watkins, J.Chem.Soc.(A), 1969, 1552.

R.J. Haines, R. Mason, J.A. Zubieta and C.R. Nolte, J.C.S.Chem.
Comm., (1972) 990.

R. Mason, K.M. Thomas, D.F. Gill and B.L. Shaw, J.Organometal..
Chem., 40 (1972) C67.

M.J. Bennett, W.A.G. Graham, J.K. Hoyano and W,L. Hutcheon,
J.Am.Chem.Soc., 94 (1972) 6232.

G.L. Simon, A.W. Adamsen and L.F. Dahl, J.Am.Chem.Soc., 94 (1972)
7654.

L.D. Brown, K.N. Raymond and S.Z. Goldberg, J.Am.Chem.Soc., 94
(1972) 7664,

ﬁ.R. Churchill, S.A. Bezman, J.A. Osborn and J. Wormald, Inorg.
Chem., 11 (1972) 1818,

P.L, Bellon, M. Manassero, L. Naldini and M. Sansoni, J.C.S.Chem.
Comm., (1972) 1035.

P.L. Bellon, M. Manassero and M. Sansoni, J,C.S.Dalton, (1972)
1481.

M. McPartlin, R. Mason and L. Malatesta, Chem.Comm., (1969) 334,
V.G. Albano, P.L. Bellon, M. Manassero and M. Sansoni, Chem,Comm.,
(1970) 1210,

0.M. Abu Salah, M.I. Bruce, M.R. Churchill and S.A. Bezman,

J.C.S.Chem.Comm,, (1972) 858.

R. Mason and K.M. Thomas, J.Organometal.Chem., 43 (1972) C39.

R. Belford, H.P. Taylor and P. Woodward, J.C.S.Dalton, (1972) 2425,

G. Ferraris and G. Gervasio, Attiaccad.S5ci.Torino, 105 (1970/71) 303.

R.J. Dellaca and B.R. Penfold, Inorg.Chem., 11 (1972) 1855.

P.D. Frisch and L.F. Dahl, J.Am.Chem.Soc,., 94 (1972) 5082,

197



198 M.I. BRUCE

39. S.A. Cotton, F.,A. Hart, M.B. Hursthouse and A.J. Welch,

J.C.S.Chem.Comm., (1972) 1225.

40. E. Miller, J. Krause and K. Schmiedeknecht, J.Organometal.Chem.,

44 (1972) 127.
41. J.J. Daly and F. Sanz, J.C.S.Dalton, (1972) 2584.
42. S.R. Pletcher, A. Shortland, A.C. Skapski and G. Wilkinson,

J.C.S.Chem.Comm., (1972) 922.

43. M. Calligaris, G. Nardin and L. Randaccio, J.C.S.Daltomn, (1972)
1433.

44. B.L. Barmett and C. Kriiger, J.Organometal.Chem., 42 (1972) 169.

45, S. Baba, T. Ogura, S. Kawaguchi, H. Tokunan, Y, Kai and N, Kasai,

J.C.S.Chem.Comm,, (1972) 910.

46. R.W. Baker and P.J. Pauling, J.C.S.Dalton, (1972) 2264,

47. R.W. Baker and P.J., Pauling, Chem.Comm., (1969) 745.

48. H.A. ratel, A,J, Carty, M. Mathew and G.J. Palenik, J.C.S.Chem.
Comm., (1972) 810.

49, J.L. Davidson, W. Harrison, D.W.A. Sharp and G.A, Sim,
J.Organometal.Chem., 46 (1972) C47.

50. T. Blackmore, M.l1. Bruce, F.G.A. Stone, R.E. Davis and A. Garza,
Chem.Comm., (1971) 852.

51. b.M. Roe, P.M. Bailey, K. Moseley and P.M, Maitlis, J.C.S.Chem.
Comm., (1972) 1273.

52. R.M. Tuggle and D.M. Weaver, Inorg.Chem., 11 (1972) 2237.

Z%« V.A., Semion, I.V. Barinov, Y.A. Ustynyuk and Y.T. Struchkov,

Zh.strukt Khim., 13 (1972) 543.

54. R.J. Hoare and 0.S. Mills, J.C.S.Dalton, (1972) 2138.
55. R.J. Hoare and 0.S. Mills, J.C.S.Dalton, (1972) 2141.
56. M.I. Bruce, B.L. Goodall, A.D. Redhouse and F.G.A. Stone,

J.C.S.Chem.Comm., (1972) 1228,




ORGANOMETALLIC STRUCTURES — TRANSITION METALS. 2

57'

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69,

70.

71.

72.

73.

4.

75,

J.M. Guss and R. Mason, J.C.S.Daltonm, (1972) 2193,

M.I. Bruce, I.W. Nowell, G. Shaw and P. Woodward, J.C.S.Chem.Comm.,

(1972) 1041. N
P.M. Cook, L.F. Dahl and D.W. Dickerhoof, J.Am.Chem.Soc., 94
(1972) 551l.

R.E. Moriarty, R.D. Ernst and R. Bau, J.C.S.Chem.Comm., (1972)

1242,

M. Ziegler and H.E. Sasse, Z.anorg.Chem., 392 (1972) 167.
F.S. Stephens, J.C.S.Dalton, (1972) 1754.

F.S. Stephens, J.C.S.Dalton, (1972) 1752.

V.A. Uchtman and L.F. Dahl, J.Organometal.Chem., 40 (1972) 403.

M.R. Churchill and S.A. Bezman, Inorg.Chem., 11 (1972) 2243.
J.B.R. Dunn, R. Jacobs and C.J. Fritchie, J.C.S.Daltomn,.(1972)
2007.

D.J. Brauer and C. Kriiger, J.Organcmetal.Chem., 44 (1972) 397.

R. Spagna and L. Zambonelli, Acta Cryst., B28 (1972) 2760.

G. Voecks, P.W. Jennings, G.D, Smith and C.N. Caughlan,
JO0rg.Chem., 37 (1972) 1460.

R.S. Dickson, P.,J, Fraser and B.M. Gatehouse, J.C.S.Dalton,

(1972) 2278.

M.A. Bennett, R.N. Johngon, G.B. Robertson, T.W. Turney and

P.0. Whimp, J.Am.Chem.Soc., 94 (1972) 6540.

B.W. Davies, R.J. Puddephatt and N.C. Payne, Can.J.Chem., 50 (1972)

2276.

M.I. Bruce, R. Clark, J. Howard and P. Woodward, J.Organometal.Chen.,

42 (1972) C1l07.
V.G. Andrianov, Y.T. Struchkov, M,I, Rybinskaya, L.V. Rybin and
N.T. Gubchenko, Zh.strukt.Khim, 13 (1972) 86.

F.H. Herbstein and M.G. Reisner, J.C.S.Chem.Comm., (1972) 1077.

199



200 : ' 7 : . - M.I. BRUCE

' 76. A. Gieren and W. Hoppe, Acta Cryst, B28 (1972) 2766.

77. A. de Cian and R. Weiss, Acta Cryst, B28 (1972) 3264.

78. A. de Cain and R. Weiss, Acta Cryst, B28 (1972) 3273.

79. D. Bright and 0.5. Mills, J.C.S.Dalton, (1972) 2465.

80. G. Huttner and D. Regler, Chem.Ber, 105 (1972) 3936.

81. R.M. Moriarty, K.-N. Chen, C.-L. Yeh, J.L. Flippen and J. Karle,
J.Am.Chem.Soc., 94 (1972) 8944.

82. J.A.D, Jeffreys and C.M, Willis, J.C.S.Dalton, (1972) 2169.

83. A.D.U. Hardy and G,A. Sim, J.C.S.Dalton, (1972) 2305,

84. A.E. Smith, Inorg.Chem., 11 (1972) 2306.

85. R. Seip, Acta Chem.Scand., 26 (1972) 1966.

86. T.S. Cameron and C.K. Prout, Acta Cryst, B28 (1972) 2021.
87. S.J. Lippard and S.M. Morehouse, J.Am.Chem.Soc., 94 (1972) 6956.

88, I. Bernal, B.R. Davis, M. Rausch and A. Siegel, J.C.S.Chem.Comm.,

(1972) 1169.

89. C. Kabuto, J. Hayashi, H. Sakgal and Y. Kitahara, J.Organometal,
Chem., 43 (1972) C23.

90. V.V. Tkachev and L.0Q. Atovmyan, Zh.strukt.Khim., 13 (1972) 287.

91, M., Hillman and A.J, Weiss, J.Organometal.Chem., 42 (1972) 123,

92, B, Miiller and J, Krausse, J.Organometal.Chem., 44 (1972) 141.

93. J. Potenza, P. Giordano, D. Mastropaolo, A, Efraty and R.B. King,

J«CsS.Chem.Comm., (1972) 1333.

94. 1.W. Nowell and D.R. Russell, J.C.S.Daltom, (1972) 2393.
95, I.W. Nowell and D.R. Russell, J.C.S.Dalton, (1972) 2396.

96. B. Rees and P, Coppens, J.Organometal.Chem., 42 (1972) Clo02.

97. M.A. Bennett, G.B. Robertson and A,K. Smith, J.Organometal.Chem.,

43 (1972) c4l.
98. G, Huttner and S. Lange, Acta Cryst., B28 (1972) 2049,

99. M. Mathew and G.J. Palenik, Inorg.Chem., 11 (1972) 2809.



ORGANOMETALLIC STRUCTURES — TRANSITION METALS. 2 201

100.

101.
1lo02.
103,
104,

105.

106.
107.
108.
109.

110.

ili.

112.
113.
114.
115.

116.

117.

118,

119.

120.

A.N. Nesmeyanov, G.K. Semin, T.L. Khotsyanova, E.V. Bryukhova,

N.A. Vol'kenau and E.I. Sirotkina, Doklady AN SSSR, 202 (1972) 854.

D.J. Brauer and C. Kriger, J.Organometal.Chem., 42 (1972) 129.

G. Huttner, B. Krieg and W. Gartzke, Chem.Ber, 105 (1972) 3424.
G. Huttner and B. Krieg, Chem.Ber., 105 (1972) 3437.
G. Huttner and 0.S. Mills, Chem.Ber., 105 (1972) 3924.

L.J. Guggenberger, A.R. Kane and E.L. Muetterties, J.Am.Chem.Soc.,

94 (1972) 5665.
L.J. Guggenberger, J.Am.Chem.Soc., 94 (1972) ll4.

M.R. Churchill and K. Gold, J.C.S.Chem,Comm,, (1972) 901.

M.R. Churchill and B.G. deBoer, J.C.S.Chem.Comm., (1972) 1326.

R.A. Love and R, Bau, J.Am.Chem.Soc., 94 (1972) 8274.
D.J. Cardin, B. Cetinkaya, E. Cetinkaya, M.F. Lappert, Lj.

Manojlovic=Muir and K.W. Muir, J.Organometal.Chem., 44 (1972) C59.

M. Green, J.R. Moss, 1.W. Nowell and F.G.A. Stone,J.C.5.Chem.Comnm.,

(1972) 1339.
G. Huttner and W. Gartzke, Chem.Ber., 105 (1972) 2714.
G. Huttner and D. Regler, Chem.Ber., 105 (1972) 2726.

V.G. Andrianov and Y.T. Struchkov, Zh.strukt.Khim, 9 (1968) 845.

L. Ricard, J. Estienne and R. Weiss, J.C.S.Chem.Comm., (1972) 906.

M. Novotny, D.F. Lewis and S.J. Lippard, J.Am.Chem.Soc., 94 (1972)
6961.

D.P. Madden, A.J. Carty and T. Birchall, Inorg.Chem., 11 (1972) 1453.
D. Cullen, E. Meyer, T.S. Srivastava and M. Tsutsui, J.Am.Chem.Soc.,
94 (1972) 7603.

F.W.B. Einstein and D. Sutton, Inorg.Chem., 11 (1972) 2827.

C.K. Prout, G.B, Allison, L.T.J. Delbaere and E. Gore, Acta Cryst,

B28 (1972) 3043,



202 ; : M.L. BRUCE

121. H.P. Calhoun, N.L. Paddock, J. Trotter and J.N. Wingfield,

J.C.S.Chen.Comm., (1972) 875.

122. M.G.B. Drew, J.C.S.Dalton, (1972) 1329.

123. A.D.U. Hardy and G.A. Sim, J.C.S.Dalton, (1972) 1900.

124. M.A. Bush, A.D.U. Hardy, Lj.Manojlovic=-Muir and G.A. Sim,
J.Chem.Soc.(A), (1971) loo3.

125. M. Brockhaus, F. Staudacher and H. Vahrenkamp, Chem.Ber., 105
(1972) 13716.

126. M.L. Schneider, N.J. Coville and I.S. Butler, J.C.S.Chem.Comm.,

(1972) 799.
127. M. Laing, T. Ashworth, P. Sommerville and E. Singleton,

J.C.S.Chem.Comm., (1972) 1251,

128. D.A. Allison, J. Clardy and J.G. Verkade, Inorg.Chem., 11 (1972)
2804,

129. M.A. Bennett, P.W. Clark, G.B. Robertson and P.0. Whimp, J.C.S.Chem.
Comm., (1972) 1011.

130. R. Mason, L. Sgtofte, S.D. Robinson and M.F. Uttley, J.Organometal.
Chem., 46 (1972) Cél.

131. J.P. Crow, W.R, Cullen and F,L. Hou, Inorg.Chem., 11 (1972) 2125.

132. F.W.B. Einstein and R.D.G. Jones, J.C.S.Dalton, (1972) 2563.

133, F.W.B. Einstein and R.D.G. Jones, J,C.S.Dalton, (1972) 2568.

134. I.,W. Nowell, S. Rettig and J. Trotter, J.C.S,Dalton, (1972) 2381,

135. I.W. Nowell and J. Trotter, J.C.S.Dalton, (1972) 2378.

136. M.R. Churchill, B.G. deBoer, K.L. Kabra, P. Reich=-Rohrwig and

A, Wojcicki, J.C.S.Chem.Comm., (1972) 981,

137. B.R. Davis and I, Bernal, J.Cryst.Mol.Struct, 2 (1972) 135.

138. C.J. Marsden and G.M. Sheldrick, J.Organometal.Chem., 40 (1972) 175.

139. M.0. Visscher and K.G. Caulton, J.Am.Chem.Soc., 94 (1972) 5923,

140. J.T. Veal and D.J. Hodgson, Acta Cryst, B28 (1972) 3525,




ORGANOMETALLIC STRUCTURES — TRANSITION METALS. 2 ) 203

141, J.T, Veal and D.J. Hodgson, Inorg.Chem., 11 (1972) 1420;

142. R. Eisenberg, A.P, Gaughan, C.G. Pierpoint, J. Reed and A.J. Schultz,
J.Am.Chem.Soc., 94 (1972) 6240.

143, C.P. Brock and J.A. Ibers, Inorg.Chem., 11 (1972) 2812.

144. P, de Meester, A.C. Skapski and J.P. Heffer, J.C.S.Chem.Comm.,

(1972) 1039.

145. J.E, Fergusson, J.L. Love and W.T. Robinson, Inorg.Chem., 11 (1972)
1662.

146. S. Lugan, M. Kapon, M, Cais and F.,H. Herbstein, Angew.Chem.,
84 (1972) 1104; Int.Edit.Engl., 11 (1972) 1025.

147. B.R, Davis and I, Bermal, J.Cryst.Mol.Struet, 2 (1972) 107.

148. C. Lecomte, Y. Dusausoy, R. Broussier, B. Gautheron and J. Protas,
Compt.Rend., 275C (1972) 1263.
149. Y. Dusausoy, J. Protas, J. Begsancon and J. Tirouflet, Acta Cryst.,

B28 (1972) 3183.



